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Natal Influences and Twin Differences 



Leland D, Van den Daele 
Educational Testing Service 

Abstract 

A classification of natal influences is proposed with a model of 
their operation, Natai influences affect maternal capacity, maternal 
load, and maternal efficiency. Since maternal load is increased in twin 
pregnancy, results of twin studies must be generalized with caution. The 
method of co-twin control is exemplified by examination of a small sample, 
‘fhe results of the intrapair analysis imply that current formulations 
of hereditary and environmental contributions to phenotypic variation are 
inadequate to account for observed intrapair differences, l*wo alternative 
though nonexclusive 5 interpretations of intrapair vai'iation are suggested. 
The first interpretation stresses the role of complex maternal-fetal- 
environmental interactions, and the second, a "genetic indetermination" 
which derives, in part, from the information characteristics of the genome 
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Matal Influences and Tvin Differences^ 

2 

Leiand D* Van den Daele 
Educational Testing Service 

A* Introduction 

In the following paper, a typology of natal influences is described, 
a mechanism of natal influences suggested, and some of the limitations of 
twin studies discussed* The application of twin technique to the examina- 
tion of natal influences is illustrated with a small sample* Certain empir- 
ical claims, such as the relation between birth weight and intelligence, are 
reexamined, and a mechanism of optimum gestation is proposed* The results 
of the intrapair evaluation suggest the inadequacy of current formulations of 
hereditary and environmental contributions to neonatal phenotypic variation* 

Tv/o alternative interpretations are proposed* The first interpretation stresses 
the role of complex matcrnal-fetal-environmental interactions, and the second, 
a ^'genetic indetermination" related, in part, to the information characteristics 
of the genome* 



1* Co-twin Control 

One of the major problems of reproductive causality is the relative con- 
tribution of genetic and natal environmental factors to later behavior* In 
studies of single children, particularly when samples are heterogeneous, genetic 
and environmental factors are often confounded* One technique which exercises 
effective control over genetic variation derives from variations of pre- and 
paranatal factors which affect members of identical twin sets* Since variation 
due to genetic sources is equivalent for identical twins, phenotypic variation 
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may be assumed to express variation due to natal environmental differences or 
their interaction with genetic determinants (11, 1^*, 17, 2o) ^ The method is 
the natal analogue of tlr^ post-natal study of identical twins subject to dif- 
ferent rearing conditions* 

2 . Birth V/eight and Intellectual Differences 

One of the primary concerns of co-twin studies addressed to the long- 
term effects of pre- and paranatal factors has been the relation of birth 
weight to later intelligence* Co-twin studies of this problem usually pos- 
tulate some nutritional inadequacy (l), intrauterine insufficiency (5), or 
circulatory deficit (15, 2k) ^ wl'ich may affect prenatal development quantita- 
tively and qualitatively. Birth weight differences between monozygotic twins 
are assximed to vary with the operation of such factors. Relative to the larger 
twin, the smaller twin is viewed as **prenatally disadvantaged," 

The postulate of nutritional, intrauterine, or circulatory insufficiency 
suggests some correspondence between the degree of weight difference and 
intelligence difference. Nevertheless, with two exceptions (15, 29), co-twin 
studies have simply dichotomized between heavier and lighter twin members, Tv/ins 
with weight differences as small as 10 grams have been pooled with twins with 
weight differences as large as 2,000 grams (2U, 28), V/hen dichotomized in this 
way, significant intellectual differences emerge between heavier and lighter 
monozygotic twins, but not dizygotic twins (5, 15)* In fact, the average IQ 
difference between heavier and lighter monozygotic twins has been more than 
five points or roughly equivalent to the average IQ difference of identical 
twins reared together. 
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Altnour;h the postulate of nutri^cional, intrauterine, or circulator^/ 
aeficit lar/rely derives from the investi. orations of the German physiologist 
fl^hantz, reviewed by Price (23 ) 5 Shants himself believed that the smaller twin 
v;as usually advantaged. Unfortunately Price does not summarize Shantz’s 
rationale for this assertion. However, one may speculate that the smaller 
member of a twin set may be less disadvantaged since his demajids for oxygen, 
nutrients, etc. are proportionately smaller than his larger co-twin. 

3. A Apology of Hatal Influences 

Mvimerous other natal factors associated with intelligence have been 
implicated in retrospective studies (10, 11, 12, I 8 , I 9 ). In a general way, 
these factors may be classed as prenatal or paranatal, environmental or organis- 
mic, and specific or general. These factors may be projected in a two by two by two 
table to summarize some of the variables associated with intelligence and adapt- 
ability (Table l). Prenatal factors affect the cronceptus prior to birth, and 

Insert Table 1 about here 



paranatal factors, at or around the time of birth. Environmental factors 
derive from external manipulations or treatments while organismic factors de- 
scribe maternal-fetal characteristics. Specific factors are associated with a 
single member of a set, and general factors are common to members of a set. 

Natal studies with co-twin control necessarily involve the identification 
of specific factors which differentially affect members of the twin set. V/ithin 
sets, specific factors may be concordant or nonconcordant . Both members of a 
twin set may present in a cephalic or breech position, or one with cephalic and 
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one with breech position, etc, V.Tien a specific factor is lar;*ely concordant 
within sets, intrapair difference attributable to ■'.hat factor is reduced. 

Hence, a requirement of intrapair analysis is a sufficient number of noncon- 
cordant subjects within sets to obtain tlie necessary sensitivity to statisti- 
cal test. However, this requirement does not justify the elimination of con- 
cordant sets. The expectation of no difference within pairs when concordant 
is the corolla'.'y of the expectation of difference within pairs when noncon- 
cordant. Deletion of concordant sets in co-twin analyses, such as twin sets 
with the same weight or intelligence {2h) , discards useful information, 

I* . Mechanism of Natal Factors 

An examination of Table 1 reveals the diversity of natal factors. Dif- 
ferent factors possess distinct modes of action with different consequences 
for the fetus. The mode of action of these factors and their significance for 
the fetus may be summarized in terms of three interdependent concepts, maternal 
capacity, maternal load, and maternal efficiency. Maternal capacity describes 
the maternal ability to provide various nutrients, eliminate metabolites, and 
"buffer" the fetus against various toxic substances. Maternal load is the 
ccmplement to maternal capacity. It summarizes the demands placed upon the 
maternal system for. nutrients , elimination of metabolites, and neutralization 
of toxic substances. Maternal efficiency characterizes the maternal response 
to maternal load. This response, in turn, depends upon maternal capacity: 



,, ^ . Maternal ca'oacity 

Maternal efficiency = — — — — ^ 

I'laternal load 



Poor maternal efficiency may derive either through low maternal capacity or 
through high maternal load. In general, as maternal efficiency decreases. 
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the probability of fetal dama;;^ increases. Selected natal factors which 
provide an index of maternal capacity, maternal load, and maternal efficiency 
are classified in Table 2. 



Insert Table 2 about here 



5 . Limitations of T\-/in Method 



Co-twin differences attributaole to natal factors must be interpreted 
with considerable caution, iVins are not representative of the ir^eneraLl popu- 
lation, and factors mcay operate in tv/in pre/?nancies which are absent or mini- 
mal in single pregnancies (9, 13, 19, 21). 

During multiple pregnancies, utero-placental circulation is dramatically 
slowed. Morris et al. (20) demonstrated that average clearance time of radio- 
sodivim from the utero-placental pool required more than 60 minuten in twin 
pregnfincies in contrast to h minutes in single pregnancies. As circulation 
is less efficient, supply of oxygen and nutrients as well as elimination of 
metabolites and toxic substances may be considerably impaired. Monozygotic and 
dizygotic twins at all stages of intrauterine gestation weigh less and are 
shorter than singletons. Newman (22), Eastman (8), and others (?) argue this 
weight and height disadvantage derives from the failure of the mother to pro- 
^^^vide adequate nutrients. Oxygen demands are approximately doubled in twin 
1 pregnancies and, hence, periods of minimal and acute anoxia are more nrobable 

4 -j 

(21). Moreover, preeclampsia, eclampsia, toxemia, and other complications which 
o implicate maternal inadequacies of physiological response are more frequent, 
C^l^particularly during the last trimester of pregnancy (19). 
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Since the increased load of tv:i.n pre^^nancy aupears to reduce maternal 
efficiency, pre- and paranatal insults which are inconsequential in sin^^le 
pregnancies may generate ivlatively potent effects. That is, one may expect 
the role of various pre- and paranatal insults to be exacerbated in multiple 
pregnancies. 



6. Natal Influences among a Sample of Identical iVins 

The application of the typology of natal influences may be illustrated 
through evaluation of intra- and interpair intellectual differences in a 
sample of identical tv/ins. Such evaluation provides a basis for examination 
of the limitations of twin technique and. x^or scrutiny of the empirical match 
between selected natal influences and their prouosed mechanism. 

B. Method 
1. Sub,jects 

Three constraints were placed on sample selection to reduce extraneous 
variation or otherwise increase co-twin variation due to natal factors. First, 
tv/in sets were derived from a relatively homogeneous middle class population. 
Second, twin sets with a member who manifested positive evidence of neurological 
damage were excluded. /U.though neurological damage may derive from traumatic 
pre- or paranatal factors such damage may exaggerate, confound, or mask group 
effects. Third, twin sets v/ere selected from an age range between 10 and 90 
months with the expectation that effects due to natal differences would be more 
marked at earlier than later ages. 

A population of identical twins within the appropriate age range were 
identified in the Champaign-Urbana, Illinois area through the cooperation 
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of the 'IVin Club and local pediatricians. Althourh an offo't v/as :::ade to 
evaluate the entire population, five families vere not loca^,ed one family 

refused cooperation, nineteen sets were examined. One set, hovrever, was 
not testable, a.iid meinbers of two sets had histories of previous special 
education intervention. Vfhen these sets were eliminated the reduced samnle 
was l6 sets ill - 32). Confirmation of zyrrosity was obtained throu^rh placental 
e X ami n at ion, sk i n mr a f t , s e r olo/’; i c al , de r ma to gl y i>h i c , or nhy s i c al c o n co r dan c e . 



Procedure 



'.rvin members over two years old (K = 12 sets) were randomly assigned to 
two examiners and administered the Stanford-Binet Form L-M Intelli/^ence Test in 
parallel rooms. IVin members under two years old (iJ = h sets) were administered 
the Bayley Mental Scale. The procedure for administration of this test was 
rendered flexible due to occasional fati.^ue or separation pretest. Gets v/ere 
either tested together with alternate items and/or tested in succession. 

Concurrent with the administration of the Stanford-Binet or after the 
administration of the Bayley, mothers were interviewed about their prenatal 
and birth histories. The interview included questions about prescriptions, 
drugs, dysfunctions, diet, labor, anesthetics, and a set of more specific items. 
The average interview was about I 4 O minutes in duration. The obstetricians who 
attended delivery of the twin sets were provided parallel fonns to supplement 
or correct information obtained through maternal interview. Fifteen physicians 
replied. \Jhen maternal and obstetric reports differed, the information obtained 
from the obstetric report was coded for statistical analysis. 
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C, Intrapair Evaluation 



!• Resu].ts 

Informtion about six specific paranatal factors vas obtained from ob- 
stetric records* The factors included birth ordei’, birtn v/eight, presenta- 
tion, neonatal Apgar, use of forceps, and period of umbilical separation* 

Each factor was scaled to correspond clinical difficulty or the severity 
of stress presximptively related to various levels; of factor* Cephalic 

presentations were rated ”0**; breech presentations, ”1”; and transverse presenta- 
tions, ”2*** IJeonatal Apgai was assigned to th'. ee classes, "1,” poor (Apgar 
^4 or less); ”2,” fair (Apgar 5-T); ”3** good condition (Apgar 8-10)* Mo 

forceps was rated ”0"; low forceps, ”1”; midforceps, ”2”; and high forceps , **3. ** 
iimbilical separation was rated ”1" when the cord was clamped immediately after 
delivery; ”2,” after pulsations of the cord had ceased; and ”3,** after separa- 
tion of the placenta (30)* All sets were nonconcordant for birth order and 
birth weight, six sets for presentation, four sets for' neonatal Apgar, two sets 
for use of forceps, and no sets for umbilical separation. Since no variation 
for the last factor occurred it v;as excluded from intrapair analysis* 

Correlational analyses betv;een factor and intellectual difference scores 
were calculated for each factor* Difference scores for birth weight and intel- 
ligence v:ere treated as a ratio of difference between heavy and lighter members 
of a tv7in set by the formula: 



R = 



•\ - 



X 



X 



1 

1 



where R is the ratio of difference to total score, x^ , the value of the 
heavier twin, and , the value of the lij^ter twin* Adjustment of sign (plus 
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or ri.::u3 ) for the specific factor difference scores which rer.ained van arrlied 
when acT^ropriate . 'ihe dependent variable for all correlations was the ratio 
of i itellectual difference (Table 3). 



Iiisert Table 3 about here 



2 . Discussion 

Ho si^^nificant relationship was obtained between intrapair di f ferer.t-'es for 
specific paranatal factors and intrapair difference:? in intelligence. I:oncon-r 
cordance for presentation , iv'onatal Apgar, and use of forceps vas relatively 
infrequent, and results for these factors are not reliable. Hov/ever, noncon- 
cordance for birth order and birth weight was sufficiently large to provide a 
reasonable test of their effect. 

Difference scores for birth order approached significance with a '^.,82 TO 
advantage for the second born. This differonor? inay derive from the lattei**s 
’’easier” birth. Since dilation of the cervix and uterus is relatively complete 
for the second born, intracerebral pressure v/ith its attendant complica3/ions 
may be reduced. This result appears to agree with that of Koch (l6), but 
remains inconsistent with the obstetric observation that complications of 
delivery and neonatal lamage are more frequent with the second born (2). As 
Koch suggests, this result may derive through a sample bias associated with 
differential selection, i.e., only the more ’’fit” second-born twin members sur- 
vive. 

The failure to replicate the association between birth weight and intel- 
lectual differences among identical twins introduces methodological and inter- 
pretative problems. The postulate of nutritional, intrauterine, or circulator;/ 
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insufficiency su^pirests sone relation between the degree of weight difference 



not only group mean differences are anticipated, but some systematic intra- 



heavier and lighter twins were subject to a correlational anailysis. The 
correlational procedure provides a measure of intrapair covariation between 
the magnitude of weight and intellectual differences unconfounded with the 
group mean differences already reported in the literature. The number of 
subjects and results of correlational analysis are reported in Tab.le h. 



One study suggests a positive relation (15), two suggest no relation, {2h^ 29), 
and two suggest a negative relation (1, 5). The direction of relation remains 



between intrapair weight and intellectual, difference (27). Thus, the group 
mean differences between heavier and lighter twins reported in the literature 
do not derive from s^/stematic intrapair covariation of weight and intellectual 
difference. That is, whether the weight difference between a pair of twins 
is 10 grains or 2000 grams is independent of the magnitude of IQ difference 



and intellectual difference 



iluritica of grour nieaii differences character- 



istic of earlier studies is only 
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;estive of this relationship. That is. 




insufficiency nostulates suggest that group mean differences derive from this 



covariation 



To test this expectation, the primar;;' data from five recent studies 
(l, 5, 15, 2^4 , 29) which report group mean intellectual differences between 



Insert Te.ble about here 




intellectual difference. Moreover, when subjects are pooled and partitioned 
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between the twins. This conclusion is consistent with the results of the 
present investif-ation aiicl inconsistent vdth the various insuf ficiency postu- 
lates which surgest some correspondence between the ma(:riitude of weis^ht and 
intellectual difference. The p;roup mean differences reported in earlier 
studies remain problematic. 



D. Interpair Evaluation 
1. Results 



r ® 

ERIC 



A total of 15 pre- and paranatal factors were assessed for intemair dif- 
ferences. Seven of the 15 factors were the f^eneral, endogenous, prenatal 
type: (l) maternal af^e at the time of twin birth; (2) the frequency of p;rior 
known miscarriapjes and stillbirths; (3) prior parity; (It) the approximate 
maternal weip^ht at conception; (5) maternal veiprht '*ain or loss with twin 
nre^-nancy; (6) maternal dysfunctions, such as diabetes, hyper- and h;.rpothy- 
roidism, anemia, etc., wei/^hted for decree of dysfunction on a three-point 
scale (l-3), mild, moderate or severe; and (?) maternal oedema ad.iusted for 
degree of oedema (1-3) for extremities, feet, hands, and face. 'IVo factors 
were the general, er'.ogonous , prenatal type: (8) frequency of diagnostic X-ray; 

and ( 9 ) number of prescriptions administered with pregnancy. Four factors wore 
the general endogenous, paranatal, type: (lO) neonatal maturity classed in one 

of seven categories (1-7), 28 weeks or less, 29 'co 32 weeks, 33 to 36 weeks, 

37 to 39 weeks, full term, 1 to 2 weeks postmature , 3 or more weeks postmature; 
( 11 ) length of labor assigned to one of three classes (1-3), less than 3 hours, 
3 to 23 hours, and 2lt hours or more; (12) mean neonatal Apgar, the average 
value for the twin pair; and (13) mean birth v/eight. Two factors were the 
general, paranatal, exogenous type: (iH) anesthetic assigned to one of five 
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catev-ories (O-^O, none, 100 : 



Ions, 100 to 200 nr, or 200 mg or more. 



analgesic or anerthetlc n 



re • 1 a t; t, l“i o t ! tr. e of 1 nb r r ; a j d ( 1 5 ) mean 



umbi lical senarati 




i.or.mtr/.l vfi>’labies , the subject’ s 





and chronological ago with mid Win intelligence are provided in Table S 



Insert Table 5 about here 



Exposure to ionizing radiation during pregnancy and neonatal maturity were 
significantly inversely correlated with TQ. The chronological age of the 
subject at the time of IQ evaluation was sirnificantly nositively correlated 
with IQ. 



a, Pre- and Paranatal Factors 

Although the majority of natal factors failed to obtain significance, the 
direction of effect for such prenatal factors as maternal age, previous still- 
births, weight gain, dysfunction, and the clinical administration of prescrin- 
tions was in the direction expected from the postulates of maternal load, capac- 
ity, and efficiency. V/ith the exception of neonatal maturity and birth weight 
discussed below, the direction of effect for paranatal factors was far less 
consistent. Prenatal factors typically operate for the duration of pregnancy; 
naranatal factors, again with the exception of neonatal matiirity and birth weight, 
operate for a relatively brief period. Hence, the effect of prenatal factors 
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is less subject to the vicissitudes of relatively transient situa:io::al 
factors such as Tiaternal state, obstetric skill, etc. 

b. Maternail Efficiency and Intelligence 

As suggested earlier, twin pregnaiicies appear to place an increased 
burden on maternal physiological capacities. In twin pregnancies, partic- 
ularly during the last trimester of pregnancy, maternal efficiency is reduced. 
Mature twins, late in pregnancy, are more likely to experience a less advar;- 
taged uterine environment with reduction of necessary ox^^gen ?ind nutrients 
and increase of toxic substances. Ldince the developing fetal brain is partic- 
ularly sensitive to anoxia, nutrient deprivation, and toxicity, an inverse 
relation between intelligence and midtv;in weight is expected. Prematurity, 
common to twin births, may provide an adaptation to limited maternal exciirc.re 
rapacity. In view of these considerations, the assertion, "The birger the 
baby, the better (2^)," and similar conclusions seem exaggerated. More likely, 
with twin births, as Koch (l6) maintains, there is some optimum maturity. 

The optimum maturity probably expresses in part some compromise betw'een 
maternal load and maternal capacity. Even a small load may exceed miaternal 
physiological limits if capacity is poor with correlative injur:./ “to the fetus. 
In an ideal system, when: 

Maternal load = Maternal capacity 

for some nontrivial time duration, the birth reflex is elicited and potential 
damage to the fetus or mother, minimised. Selected studies of singletons (6) 
reviewed by Canuto and Mandell (h) suggest "small for dates" neonates (nre- 
maturity by gestational age) are relatively disadvantaged while "small for 
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weights" neonates (prematurity by veight) ure not. If the prematurity of the 
small for weights and small for dates neonates derive from poor maternal effi- 
ciency, the small for dates neonate experiences this environment for a longer 
duration than the small for weights neonate. Thus, certain obstetric practices, 
such as the administration of muscle relaxants to delay pregnancy to full- 
term gestational maturity, may be ill-advised. This would appear particularly 
true with twin pregnancy. 

c. Twin Catch-up 

The consequences for intelligence of increased maternal load are likely 
to diminish with postnatal development. Experimental studies of teratological 
agents suggest that cell groups characterized by rapid development are more 
vulnerable to the deleterious effects of biochemical imbalance. Since the 
development of the cortex is, in a relative sense, less complete at birth 
than the development of lower brain centers, verbal and interpretative func- 
tions associated with the cortex may be expected to be less impaired than 
sensory-motor functions associated with lower brain centers. Insofar as sen- 
sory-m&tor tasks are characteristic of intelligence tests for younger subjects 
and verbal and interpretative tasks for older subject^, the effect of increased 
maternal load on IQ may be anticipated to be larger wiTO younger subjects. 

E. Theoretical Implications 

As the largely negative results of the intrapair analysis suggest, the 
determinants of individual differences betw'een identical twins are potentially 
complex. The poor fit between the data and the expectation that differences in 
natal conditions acco\int for intraindividual twin differences uay be briefly 




illustrated by reference to two cases. 






Tvin set 11: The twins 0. and R. were disco!‘dant for at leas- 

four natau. factors. Q. was delivered v;i^h cephalic nresentaticr. , 
possessed a weifrht advantage, his neonatal condition was judged 
good, and he was free fror. congenital malformations. was oriented 
in transverse presentation which led to delivery by internal version 
and breech extraction. His neonatal condition was Judged nccr. 

There was a velamentous insertion of this infant's cord •ir.'] ne r as- 
sessed a cleft palate and cleft lip. Confirr-iation of nygnnit.y 
obtained through skin graft. At the tine of intellectual evaluation, 
O.'s IQ was 102, and R.'s 10, 103. The IQ difference wac one joint. 

Twin set 1^: The twins G* and T. were concordant for all factors 

with the exception of weight. Both twins were delivered with 
cephalic presentation, no forceps were implemented, and neonatal 
condition was judged good* G. was the heavier infant. Cor.firma* ion 
of zygosity was obtained through serological examination. At the 
time of intellectual evaluation, S.'s 10 w^as 95, and T.'s IQ IIT. 

The IQ difference was twenty-two points. 

The view, expressed in the introduction to this paper, that ”nhenctyri 
variation may be assumed to e:q?ress variation due to natal en^/ircnmental di 
ferences” between identical twins seems inadequate to account for the dis- 
crepant relation bet^ween environmental factors and intrapair differences, 
extrachromatozoic inheritance is presumed miniinal and errors of measurement 
are ignored, two additional interpretations of the sources of intrapair dif 
ferences seem plausible. The first interpretation stresses the role of com 
pls-c hereditary interactions, and the second postulates a genetic indetermi 
related, in part, to genetic heterogeneity. 
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1. Complex Interactions 

The discrepeint relation of environmental factors to tvin differences 
suggests the probable importance of hereditary interactions in twin differ- 
ences. However, as will be shown, the source of hereditar/ interactions is 
not confined to the twin set. Individual differences are tlie consequence of 
both environmental and hereditary influences: 

(1) ''^Pg = “s • 

'.'here Vp^ is the variance of the subject phenotype; Vh„ , variance due to 
heredity; Ve , variance due to natal environment; and Vh^ e , variance 
due to their interaction. This formula is tjuDicaily applied in one or another 
version to estimate sources of individual variation in extrauterine environ- 
ments. Vihen applied to individuals in intrauterine environments, the environ- 
mental component may be partitioned into three subcomponents: 

(2) e = DOS + u + DOS XU 

s * s m * s m 

Vihere e is the environmental component; pos , the positional component, 
s * s 

Ujj. , the maternal uterine component; and pos^ x u^,^ , the interaction component. 
By substitution of equation (2) with (l): 

(3) Vpg = Vhg + V(poSg + u^^ + posg X 

+ Vhg (pOSg ^ P°S y- • 

The positional component implicates those sources of variation due to purely 
mechanical factors such as compressions of the umbilicus, fetal position. 
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placental site, etc. The riaternal uterine conpcnent derives fror. riate: 
heredity, matei’nal environrtent , rind- their interaction: 



(M 



= h„ + + h_ X e, 

Ti n n n r 



Then, by substitution of equation (^0 with (i): 



( 5 ) 



Vps = Vh^ + V [posg + X 



+ poG^ (h„ + ev + X e„)l 



+ '/h [pos^ + hL. + o_ + X c 

w O n ill 7 






and, by multiplication: 



(6) 



Vp„ = Vh^ + Vnos + Vh + Ve + Vh x e 

^ ^ ' n !Ti ni IT. 



+ Vposg X + VpOSg X + YpOSg X hj. X 



+ Vh^ X poSg + \fhg :: x e_ + Vli„ x h 



s in 



n 



X e^^^ + Vhg X pos^ >: + Vh^ x nos^ x e. 



s n -'s -'-“3 ^r. 



+ Vh X nos X h_ X e . 
o * s m ju 



ihus , pnenooj'xic differences of the subject are due to subject heredity, sub- 
ect position, naternal heredity, maternal environment, the interactions of 
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naterr.al heredity vith envi roar.ent , subject T:osiblon viti: r.at* rnal heredity, 
subject position vith maternal environment, subject positicn with rrivaternal 
heredity and environment, subject heredity with position, subject heredity 
with maternal heredity, subject heredity wit:; maternal environment, subject 
heredity with maternal heredity and environment, subject heredity with posi- 
tion and maternal heredity, subject heredity with position and maternal environ- 
ment, and subject hered cy vith position, maternal heredity and environment. 

Equation (6) reveals the potential complexity of comronents which deter- 
mine neonatal phenotypic differences. Traditional formulations of individual 
differences in terms of simple hereditary' and environmental sources of 
variation tend to if^nore or grossly oversimipli fy these determinants. The 
equation suggests the general ir.rortance of control for maternal and fetal 
heredity and, in the evaluation of intrapair twin differences, the specific 
imirortance of control for positional factors. A reliable statement about the 
direction of effect expected from natal manipulations fo>' an individual case 
seems imnlausible in the absence of such control. 



2. Genetic Indetenninance 

An alternative, though not exclusive, interpretation of intrapair differ- 
ences suggests that these differences reflect a genetically or environmentally 
conditioned variability of response. Specifically, a component of residual 
variation usually treated as error may derive from ^’'ariation associated with 
environmental or hereditary/ sources. If 



h 



1 



h 

2 



( 7 ) 



trhs r.ereditv cf 



uvir. 1 IS 






tvir. Z, Sind i: 



( 8 ) 



the environr.ent for twin 1 is equivalent to that of tvfn 2, then any residual 
variation which is net error is indeterrdnate variation. 

Just as phenotypic variation r;ay covary with a large nur.ber of heredi- 
tar\*, envir 'jnental, and interaction components as in equation {* ), so 
may indeteamninate vai'iation be associated with any one of these com.ronents . 

In the simplest case, with error of. measure excludea, indeterminate variation 
may be partitioned into three sources. 



(9) 



V = V. + V. + V., X . 
tr ih le ih le 



where V, is the total residual variation: V., , indeterminate variation 

tr ’ ih 

associated with hereditv; V, * indeterminate variation associated with 

le 

environment; and V., x . , indeterminate variation associated with their 

’ in le ’ 

interaction. Equation (9) is identical in form to equation (l). The terms, 
however, are different. In equation (l) variance identifies systematic 
co'w^ariation; in equation (9) variance identifies systematic indeterminate 



variation. 

Systematic indeterminate variation may be estimated througri computation 
of residual variations for some factorial matrix. Such variation presuTies 
that the pattern of residual variation vrithin cells is ncnrandomly distributed. 
In contrast, variation due to error of measurement presumes a random distribu- 
tion about some mean value. Corrected indeterminate variation is the residual 
minus this value. In Table 6, corrected residual variation for two types of 
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strains, and , and for two environments, and , is fiven for 

three hypothetical cases* In case 1, indeterminate variation is a function of 
heredity; in case 2, a function of environment; and, in case 3, a function of 
their interaction. 

In gene-^'?.!, indeterminate variation is equivalent to the difference be- 
tween total variation, the sum of systematic covariation pxid variation due to 
error of measurement: 



(10) 



V. = V. 



- (V. 



V ) 
em 



This equation allows the expression o 
through computation of the ratio of i 

( 11 ) 6 



f a ’’coefficient 



nde t e rat nate vari 




of i ndetemination” 
ation to total variation. 






To the extent that hereditcar;/ or environmental factors or their Interactions 
covary with phenotypic differences in a systematic way, delta approaches 
zero. To this extent these factors fail to account for phenotypic differences 
and V. is nonzero, delta approaches unity. Analogously, the expression 
of a ’’coefficient of hereditary or environmental indeterminance” is the ratio 

of indeterminate variation associated with heredity or environment to total 
variation* 

Systematic indeterminate variation of the type exemplified in Table 6 
may derive either through incomplete control of those factors which account 
for differential variation or through some inherent instability associated 
with treatments, genotypes, or their interaction. If indeterminate variation 






factor levels imolicate sources of 



arises fron incorriplete control, then sorr.e 
variation other than those superficially identified with designated treat- 
ments or genotypes and, in principle, residual variation may Yje reduced to 
zero. On the other hand, if indeterminate variation follows from some inherent 
instability, then some factor levels by virtue of dynamic or structural character- 
istics are intrinsically more variable in outcome or expression and, in principle, 
residual variation, no matter how complete the control, remains. 

Indetermin^ince associated with heredity may provide an example of a struc- 
turally predisposed instability. In all likelihood, the genome rjossesses con- 
siderable informational redundancy to determine phenoiypic regularity (28). 
Redundancy possesses the same significance for biologic systems as it does 
for communication networks. The repetition of a message serves to reduce 
error. In information theox*\' the source of error may be equated to noise, 
and in biophysical systems, to perturbations (random disturbances). In the 
average expected biological environment (whether natal or postnatal) per- 
turbations may be presvimed to be some nonzero value. 

Genetic heterogeneity is an index of genetic mix-ture. If it is presumed 
that increased genetic heterogeneity decreases genetic redundancy, it follows 
that decreased genetic redundancy disposes to greater variability. The more 
variable ‘-.he genome, the more variable potential development. 

This conclusion leads to the expectation that intrapair twin differences 
are, in part, a function of the degree of genetic heterogeneity of the twin 
set. A crude, but useful, measure of heterogeneity is the number of national 
origins in the parental background (3). Mothers in the present study and two 
sets with previous special education were contacted and the national origins 
of the twin set’s grandparents (P^ generation) requested. Eighteen mothers 
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replied. Of this group, four mothers did not know the national origin of 
the twin set’s maternal and paternal grandparents. The reduced sample size 
was fourteen. Twin sets were classified as either low heterogeneous (1-2 
countries of origin for the generation) or high heterogeneous {3-U 

countries of origin for the generation). Mean difference scores and 

variations were calculated for birth weight and intelligence (Table 7). 



Insert Table 7 about here 



Although t tests for difference scores for birth weight and intelligence 
between high and low heterogeneous groups were not significant, the direction 
of effect was consistent with expectation. Difference scores and their vari- 
ation increased with genetic heterogeneity. If, as implicated, instabilities 
of phenotypic response derive from genetic predisposition, those studies which 
estimate environmental effect by reference to intraindividual twin differences 
may require qualification (25). Some coefficient of genetic indetermination 
may be a characteristic property of various strain and racial groups. 

F. Summary 

Although psychological studies of natal factors by the method of co-twin 
control largely have concerned the relation of intrapair birth weight difference 
to intellectual difference, many natal factors other than birth weight are 
subject to evaluation by the co-twin method. Natal co-twin studies require the 
identification of specific pre- or paranatal, environmental or organismic factors 
which differentially affect members of the twin set. The majority of these 
factors operate through the increase or decrease of maternal capacity, maternal 



: 



lb 






load, or maternal efficiency. I-^inoe the increased demands of twin r^'ernancy 
increase maternal load, which may exceed maternal capacity to rrovide ade- 
quate oxygen, nutrients, and metabolite elimination, the results cf twin 
studies must be interpreted with caution. 

Natal histories and Intellectual examinations were obtained for a total 
of 16 sets of identical twins between the ages of 10 to 90 months. Correla- 
tional analyses of intellectual differences find intrarair differences for 
birth order, birth weight, presentation, neonatal Apgar, and use of forceps 
were nonsignificant. The failure to replicate earlier investigations which 
suggested an intellectual advantage for the heavier tvnn prompted the reevalua- 
tion of the primary data from these studies. No consistent relationship be- 
tween weight advantage and intellectual difference was demonstrated. These 
results appear inconsistent with the hypotheses of intrauterine, circulator:-', 
or nutritional insufficiency which suggest some correspondence between weight 
and intellectual advantage within sets. 

In contrast to the negative results for intrapair anal;-'ses, interrair 
analyses for genei'al prenatal factors were largely in the expected direction. 
Neonatal maturity and diagnostic X-ray were significantly inversel;/ related 
to midtwin intelligence while chronological age at the time of examination vras 
significantly positively related. The former factors are measures of miater- 
nal load and imply that prematurity among twins rniay provide an adaptation to 
limited maternal capacity. Correspondingly, the intellectual ”catch-up" 
growth evidenced by identical twins suggests differential injury to lower brain 
centers associated with decreased maternal efficiency. Thus, while intellectua 
differences between twin sets were related to general prenatal factors, dif- 
ferences within sets were unrelated to specific factors. That is, with genetic 



control, intrapair intellectual differences were independent of intrapair natal 
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differences. This result suggested the reevaluation of traditional models 
of neonatal variation. Two alternative, but nonexclusive, models were formu- 
lated. 

The first model stresses the role of complex maternal-fetal interactions 
which determine phenotypic variation. Intrapair intellectual differences are 
not a simple function of intrapair natal differences. The magnitude and direc- 
tion of effect depend upon the individual maternal- fetal genome. 

The second model suggests a "genetic indetermination" related to the 
genetic heterogeneity of the twin set. When genetic redundancy is reduced 
through outcrossing, the probability of divergent development is enhanced. A 
measure of outcrossing was obtained for the present sample and, although the 
results were nonsignificant, the magnitude and variability of intellectual and 
weight difference increased with genetic heterogeneity. 
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Footnotes 

^Sections of this paper were presented at the second annual Behavior 

Genetics conference at Boulder, Colorado and at a University of North Carolina 

Medical School, Grand Rounds Colloquium. 
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The reviewers, however, are in no way responsible for the' limitations of this 
paper which remain the author’s own. 
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Table 2 

Representative Natal Factors Related to Maternal 
Capacity, Load, and Efficiency 



Maternal 

Capacity 


Maternal 

Load 


Maternal 

Efficiency 


Maternal weight 


Prescriptions 


Eclampsias 


Maternal height 


Ionizing radiation 


Toxemias 


Pelvic girth 


Fetal maturity 


Oedema 


Nutrition 


Fetal number 


Miscarriages 


Maternal age 


Fetal dysfunctions 


Parity 
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Table 3 

Intrapair Natal and Intellectual Differences 



Factor 


n 


Mean Intrapair 
Factor Difference 


Mean Intrapair 
IQ Difference 


r 

Factor Difference 
X IQ Difference 


P* 


Birth order 


16 


1.00 


3.82 


.1*1 


n.s . 


Birth weight 


16 


269.25 


0.T5 


.00 


n«s« 


Pre.sentation 


6 


.hh 


1.9 


.11 


n.s. 


rieonatal Apgar 


U 


.25 


3.80 


-.25 


n.s. 


Forceps 


2 


.13 


3.50 


-.15 


n.s. 



2-tailed test 






-32- 



Table h 

Intrapair Birth V'Jeight and Intellectual Differences 

by Study 



study 


n 


Mean Intrapair 
Weight Difference 


Mean Intrapair 
IQ Difference 


^V/eight Difference 
X IQ Difference 


P* 


Babson 


9 


81*5 


6. 5 


-.21* 


n.s • 


Churchill 


13 


220 


3.0 


-.30 


n *3 • 


Kaelber and 
Pugh 


1*2 


29^ 


2.1 


.28 


n*s . 


Scarr 


25 


33l* 


8.9 


.01 


n*s . 


Willerman and 
Churchill 


27 


270 


5.3 


.01 


n*s • 



* 

2-tailed 
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f 



i'abl.:; L/ 

.Lni.i r|).-iic I'iai.a.l runl Tnl.oliccfcual liiCrirrciicf.'.'-. 



cleneral Kactorr> 


Moan InEerpair 
Kacuor Score 


Sigma 


9-iean !''actoT- .Score 
:< !.'iidl;v/in [Ci 


P' 


Pi-e natal Organismie 
Factors 


Maternal Age 




5. 78 


-.50 


ri.;; 


Miscarriaj^on 


0. :3b 


l.::b 


-.10 


n.s 


Maternal parity 


l.Ji4 


1.41 


.0;- 


1 1 • s 


Maternal V/eiglit 


bl.ii4 


I f . (■' 5 


. ; 'b 


n.s 


Weight Gain 


9.3.9 


4.(^ 


-.:-4 


lus 


Maternal Dysfunction 




.66 


-.19 


n.s 


Maternal Oedema 


1.0b 


1..'9 


.00 


n.s 


Prenatal Environmental 
Factors 


X - ray 




.48 


-.45 


-..05 


Prescriptions 


1.51 


1.01 


-.15 


n • »> « 


Paranatal Gi'ganismic 
Factors 


Neonatal Maturity 


4.0b 


1.54 


-.47 


A 

b 


Length of Labor 


1.88 


.47 


.0^5 


n • s < 


Mean Apgar 




.54 


.06 


n.s< 


Mean Birth VJeight 


■r.hl 


.4/ 


-.56 


lUS, 


Paranatal Environmental 
Factors 


Anesthetic 


L'.:i8 


1.07 


.08 


11. s 


Umbilical Separation 


1.65 


.50 


-.17 


n.s 


Nonnatal Factors 


Sex 




.49 


-.0f3 


n.s 


Chronological Age 


50.69 


?T.58 


.78 


<.01 



*0ne-tai3.ed tests v/ere applied to natal factors for which a direction of 
effect v/as expected from the maternal capacity-load-efficicncy model. 
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Table 6 



Systematic Residual Variation for Three Hypothetical Cases 



Case 1 Case 2 Case 5 
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^1 


^2 


®1 
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(T 
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®2 
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®2 
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Table 7 

Mean Intrapair IQ and Birth Weight Differences for 
High and Low Heterogeneous Groups 



Low Heterogeneous 
High Heterogeneous 



Low Heterogeneous 
High Heterogeneous 



Intrapair IQ Difference 
II X a 

7 6.9 5.2 

7 11.1 9 -T 

Intrapair Birth Weight Difference 

7 255.15 

7 51 + 0.19 1+15.1+2 
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